The deleting element (DE) located 24 kb downstream of the C gene segment mediates the deletion of C and the J-C Intron enhancer, which results in allelic exclusion of the immunoglobulin light chain locus. We here report that the DE can recombine to each recombination signal sequence (RSS) flanking J1 to J5 in normal hematopoiesis. Moreover, usage of the JRSS-DE junctional sequence allows the detection of minimal residual disease in acute lymphoblastic leukemia. Leukemia (2000) 14, 671-674.
Introduction
During normal B cell differentiation, the immunoglobulin light chain gene (Ig) locus is recombined prior to the Ig locus. In Ig producing B cells, the Ig genes are generally deleted on one or both alleles, a process called allelic exclusion. 1, 2 The deletion processes at the Ig locus are mediated via a site-specific rearrangement of the deleting element (DE). [3] [4] [5] The location of DE about 24 kb downstream of the constant gene segment (C) ensures that the deletion of C can be achieved through DE rearrangements either to a heptamer recombination signal sequence in the J-C intron (intronRSS), or to one of the variable gene segments (V). [3] [4] [5] [6] An alternative recombination mechanism resulting in the deletion of the entire cluster of J segments by means of a V-intron RSS rearrangement has also been described. 7 Beishuizen et al 8, 9 have generated a series of J, C and DE probes for the detection of clonal Ig gene rearrangements and deletions by Southern blot analysis and discussed their application in studies aimed at the detection of minimal residual disease (MRD) in precursor-B acute lymphoblastic leukemia (ALL). Because of the high diversity of respective junctional regions and the limited number of PCR primers required for the generation of allele-specific oligonucleotides probes (ASO), Ig recombinations have recently been included as targets for the detection of MRD in the BFM trial. 10, 11 During the analysis of DE rearrangements in a large cohort of childhood ALLs, we identified a novel type of aberrant DE recombination between the RSS of J4 and DE (J4RSS-DE). This type of hybrid joint was also identified in peripheral blood and bone marrow samples obtained from healthy individuals. Furthermore, the respective junctional region was used as an allele-specific marker for the detection of MRD. 
Materials and methods

Samples
Bone marrow (BM) or peripheral blood (PB) samples were obtained after informed consent from 195 children with precursor-B ALL enrolled in a prospective MRD study based on the German BFM (Berlin-Frankfurt-Mü nster) ALL trial for children, 10 as well as nine healthy volunteers. Criteria for the definition of immunophenotypes were previously described.
12,13
Southern blot analysis
Ig rearrangements were identified by Southern blot analysis as reported previously, 14 using the IGKJ5 and IGKDE probes, 8, 15 kindly provided by Prof JJM van Dongen (Erasmus University, Rotterdam, The Netherlands). Radioactive-labeled probes were generated using ␣-32 P-dCTP and the T7-QuickPrime Kit (Pharmacia, Uppsala, Sweden), and purified using the QIAquick Nucleotide Removal Kit (Qiagen, Hilden, Germany).
Sequence analysis of Ig junctions
Sequences of primers used for the amplification or sequence analysis of Ig junctions are listed in Table 1 . These primers Table 1 Oligonucleotides for PCR and sequence analysis 1 VI-5Ј 5Ј-AGGAG ACAGA GTCAC CATCA CTTG-3Ј 2 VI-3Ј 5Ј-GTTCA GCGGC AGTGG ATCTG-3Ј 3 J1int-5Ј 5Ј-CCTCA GGGTT TCCAC ACCTG CTC-3Ј 4 J1int-3Ј 5Ј-GAGTT GAGCT TCAGC AGCTG-3Ј 5 J2int-5Ј 5Ј-CTCTG CAATC AGCCT CTGAT ATCC-3Ј 6 J2int-3Ј 5Ј-ATAGC TTCAG AAATG TCCTG G-3Ј 7 J3int-5Ј 5Ј-GGATT TTCAT TAGTC GGATG CCAGG-3Ј 8 J3int-3Ј 5Ј-TTCCA CAGGA CGCTA GCTTG-3Ј 9 J4int-5Ј 5Ј-GGTTG AATAA ACCTG GTGAC CCAG-3Ј 10 J4int-3Ј 5Ј-GGGTT TGAGA GGAGA ATAGG-3Ј 11 J5int-5Ј 5Ј-TGTGT TTGAG ATATT AGCTC AGGTC-3Ј 12 J5int-3Ј 5Ј-GCAAG ATTTT CTCTG CATCG G-3Ј 13 DE-Rev3Ј 5Ј-CCCTT CATAG ACCCT TCAGG CAC-3Ј 14 DE-Rev5Ј 5Ј-TTCCT AGGGA GGTCA GACTC-3Ј 15 J5int-Rev3Ј 5Ј-TCACT TAACT GGCTA GCGCT TGG-3Ј 16 J5int-Rev5Ј 5Ј-TGAAA GAATC TGGTA CTCTT TG-3Ј
Figure 1
Schematic diagram of Ig gene rearrangement in a common ALL patient. The closed triangles represent the heptamer recombination signal sequences (RSS) that are flanked by the V and J gene segments, as well as the deleting element that are located in the J-C intron (intronRSS). A VL23-J3 rearrangement and a novel J4RSS-DE rearrangement were demonstrated on the same allele (A). Although it appears unlikely that this type of rearrangement was performed in one step our search for respective intermediates was unsuccessful. An intronRSS-DE rearrangement was shown on the other allele (B). Junctional sequences are also demonstrated at the respective junctions. Arrows indicate the location of oligonucleotides listed in Table 1. were newly designed for this study, with the exception of primers 2, 13 and 14.
11 To isolate VI-DE junctions for consecutive sequence analyses, the 3Ј-primer (IgDE-Rev3Ј) was 5Ј-biotinylated. PCR, isolation of biotinylated amplification products and consecutive sequence analysis were performed as described elsewhere. 16 
Cloning of the PCR products
In order to prepare sufficient JRSS-DE PCR products for cloning, nested PCR was performed using one microliter of the first round PCR products. The PCR reaction mixtures contained 30 pmol of each the 5Ј-and 3Ј-inner primer, respectively, and were incubated 3 min at 92°C for denaturation. After this initial step, denaturation, annealing and extension by Taq polymerase was performed for 35 cycles at 92°C for 45 s, 60°C for 90 s and 72°C for 120 s, respectively. Amplified PCR products were purified using QIAquick PCR Purification Kit (Qiagen) and subcloned into pMOSBlue T-vectors in MOSBlue competent cells (pMOSBlue T-vector Kit RPN1719; Amersham, Little Chalfont, UK). After blue-white screening on X-gal/IPTG (5-bromo-4-chloro-3-indolyl-B-galactoside/ isopropyl B-D-thiogalactopyranoside) indicator plates, plasmid DNA was isolated using QIAprep 8 Miniprep Kit (Qiagen). Sequencing was performed using T7-Sequencing Kit (Pharmacia, Uppsala, Sweden). Each reaction mix contained 1.5-2.0 g plasmid DNA and 20 pmol of the respective primer (either T7 promoter primer or M13 universal primer) in a reaction volume of 20 l.
Detection of MRD using an allele-specific oligonucleotide derived from the Ig hybrid joint
To investigate the detection limit of the allele-specific oligonucleotide, as well as the MRD status of the patient with J4RSS-DE hybrid joint, DNA samples (obtained at initial diagnosis, during complete remission, or serial dilutions of diagnostic DNA in DNA derived from peripheral blood cells of healthy individuals) were amplified by nested PCR.
11 Primers J4int-5Ј and DE-Rev3Ј were used for the first round PCR and J4int-3Ј and DE-Rev-5Ј for the second round. After denaturation at 95°C for 3 min amplified DNA fragments (5 l) were chilled on ice, spotted on to nylon membranes (Nytran 13N; Schleicher and Schuell, Dassel, Germany), and hybridized at 50°C for 4 h to the allele-specific oligonucleotide labeled by kinase reaction (T4 Polynucleotide Kinase; Pharmacia). Following hybridization, membranes were washed twice in 3 × SSC/0.1% SDS at 50°C and exposed on X-ray film (X-Omat DS; Kodak, Rochester, NY, USA) for 6-48 h at −70°C using intensifying screens.
Results and discussion
Southern blot analysis performed in our laboratory in the context of a prospective MRD study 10 revealed a DE rearrangement in 93 of 195 precursor-B ALLs (48%), including 69/147 common ALLs, 22/35 pre-B ALLs and 2/13 pre-pre-B ALLs. V-DE and intron RSS-DE rearrangements were identified in 79 and 30 of the 195 ALL patients (41% and 15%), respectively, according to criteria published elsewhere. 8 Among the cases with DE recombinations, 16 patients showed a biallelic Ig rearrangement with a V-DE rearrangement on one and an intronRSS-DE rearrangement on the other allele. 21 VI-DE rearrangements were comfirmed by PCR using VI-5Ј and DE-Rev3Ј primers. Two patients exhibited a biallelic VI-DE rearrangement. The size of the VI-DE PCR products was about 430 bp except for one common ALL case exhibiting an unexpectedly large PCR product of 760 bp. Sequence analysis of the VI-DE PCR product from this case revealed that two independent molecular events had occurred on one allele: a usual coding joint of VL23-J3 together with Junctional sequences of JRSS-DE rearrangements in peripheral blood (PB) and bone marrow (BM) samples from normal individuals. Germline (GL) JRSS and DE sequences are indicated by bold letters. N-nucleotides are shown by capital letters and putative P-nucleotides by small letters. Heptamer RSS flanking J1 to J5 are underlined.
a so-called hybrid joint [17] [18] [19] between heptamer-nonamer RSS of J4 (J4RSS) and DE (Figure 1, allele A) . The second Ig allele of this patient exhibited an intronRSS-DE rearrangement (Figure 1, allele B) . The junctional region of the J4RSS-DE hybrid joint is characterized by deletions of five nucleoLeukemia tides 3Ј-of J4RSS, and three nucleotides 5Ј-of DE, as well as a four N-nucleotide insertion (Figure 1 ). To identify possible intermediates of this complex recombination pattern we performed PCR analyses with primer combinations of J3int-5Ј/DE-Rev3Ј or VI-5Ј/J5int-Rev3Ј, respectively. However, none of these putative intermediates could be observed in the DNA sample of this ALL patient. In principle, this rearrangement might have been generated via another type of rearrangement as intermediate. It is also possible that the intermediates have disappeared during disease progression.
In order to investigate the possible presence of this type of hybrid joint rearrangement in normal hematopoiesis, we designed PCR primers derived from each J intron (J1int-5Ј to J5int-5Ј; Table 1 The hybrid joint in the cALL patient resulted in the deletion of the J4, J5 and C gene segments. C deletion through rearrangements of DE either to the intronRSS or to a V is one of the recombination events that effectively excludes functional expression from an Ig allele. Recently, gene targetting methods have been utilized to analyze the role of the Ig enhancer and its associated matrix attachment region (MAR) in the regulation of Ig rearrangements and expression. 20, 21 Homozygous deletions of the enhancer and the MAR located in the J-C intron resulted in a dramatic reduction of Ig positive B cells and correspondingly decreased the kappa/lambda ratio. 21 This effect appears to result from greatly impaired V-J rearrangements in spite of normal levels of Ig kappa expression. Thus the intronic enhancer and its MAR which are also removed by DEmediated Ig gene deletions play an important role in the regulation of Ig rearrangements.
Finally, we evaluated the possibility of using the JRSS-DE junctional region as clone-specific target for the detection of MRD in remission samples of the cALL patient (Figure 3) . The probe showed a sensitivity of 10 −5 . A high amount of residual blasts (10
) was detected in a remission sample obtained 2 weeks after initial diagnosis. The child became PCR-negative within 3 months, and showed no evidence of MRD over a 3-year period. It is assumed that this PCR-MRD target is rather stable because the RSS flanking J gene segments are affected by a trimming process in most of these junctions. However, given the very low frequency of this novel target in our series of ALL patients, it only appears worthwhile to search for it if no other reliable PCR targets are available for MRD analysis.
In summary, this study demonstrates a novel hybrid joint recombination of the Ig locus that represents a new type of DE-mediated Ig gene deletion, which can be applied as a ) into peripheral blood cell DNA of healthy individuals (C). W, weeks; M, months after initial diagnosis.
clone-specific marker for the detection of residual disease, albeit in a low percentage of ALL patients.
